Conditioning regimens preceding hematopoietic SCT (HSCT) usually consist of high-dose chemotherapy. Chemotherapy and radiation therapy are associated with increased formation of free radicals and depletion of critical plasma and tissue antioxidants. Oxidative stress and antioxidant depletion have been described during the transplantation period in HSCT patients. In a limited number of studies, it was observed that the conditioning regimen resulted in oxidative stress and antioxidant depletion in HSCT patients. The objective of this study was to look for further evidence of oxidative stress and antioxidant status in pediatric HSCT patients. In this study, blood samples were collected from 21 pediatric allo-HSCT patients before and after conditioning therapy. Erythrocyte and plasma malondialdehyde (MDA) levels, erythrocyte reduced and oxidized glutathione (GSH) levels, erythrocyte antioxidant enzymes activities, plasma a-tocopherol and b-carotene levels were determined. After high-dose chemotherapy, erythrocyte and plasma MDA levels increased. Reduced GSH levels decreased whereas oxidized GSH levels increased first and then decreased significantly compared with the values before the chemotherapy regimen. It was also observed that catalase, superoxide dismutase and GSH-S-transferase activities decreased, but there was no change in GSH peroxidase activity. On the other hand, plasma a-tocopherol levels increased, but b-carotene levels did not change.
Introduction
Hematopoietic SCT (HSCT) has been increasingly used to treat malignant and non-malignant hematologic diseases, immunodeficiencies, metabolic and autoimmune diseases in both adults and children. 1, 2 Conditioning regimens preceding HSCT usually consist of high-dose chemotherapy and/ or TBI. They have severe acute and delayed toxic effects on several tissues, such as mucous membranes, gastrointestinal tract, liver, lung, bladder, central nervous system, and, rarely, other tissues possibly related to peroxidation processes and exhaustion of antioxidants. [3] [4] [5] [6] [7] It is well known that chemotherapy and radiation therapy are associated with the formation of reactive oxygen species and depletion of antioxidants, such as glutathione (GSH), antioxidant enzymes, and antioxidant vitamins such as a-tocopherol, b-carotene and vitamin C. 4, [8] [9] [10] [11] A limited number of studies demonstrated that the conditioning therapy given to HSCT patients creates a high oxidative stress, resulting in a measured reduction in antioxidants. In summary, these studies revealed a disturbance of the pro-oxidative/antioxidative balance in the plasma of patients undergoing HSCT. Studies clearly demonstrated that plasma antioxidant status deteriorated after conditioning therapy. Therefore, it has been suggested that high-dose chemotherapy increased the oxidative stress and decreased the antioxidant defence system. [3] [4] [5] [6] [7] [8] [9] [10] [11] The objective of this study was to evaluate the oxidative and antioxidative status in pediatric allo-HSCT patients.
Patients and methods

Patients
The study includes 21 children who underwent allo-HSCT at Hacettepe University, Faculty of Medicine, Pediatric Bone Marrow Transplantation Unit. The clinical and transplantation related characteristics of patients are shown on Table 1 . The conditioning regimen was myeloablative in 15 patients, and non-myeloablative in six patients (Table 1) . GVHD prophylaxis included CsA± MTX/methylprednisolone. Sources of stem cells are also shown in Table 1 .
All patients were hospitalized in hepafiltered single rooms until discharge. Acyclovir was given for HSV and VZV prophylaxis, fluconazole for fungal infection prophylaxis, trimethoprim-sulfamethaxozole for Pneumocystis carinii infection prophylaxis. Monitoring CMV infection was routinely performed with real-time PCR assay.
Broad-spectrum antibiotic coverage was initiated with the first evidence of fever (T max X38 1C). Iv Ig was administered weekly at a dose of 400 mg/kg from day 1 to discharge and then iv Ig implementation was made according to the Ig level. Standard veno-occlusive disease prophylaxis consisted of enoxaparin, ursodeoxycholic acid, glutamine and vitamin E given at 1-2 mg/kg daily doses.
Definitions. Neutrophil engraftment was defined as the first of three consecutive days when the neutrophil count was higher than 0.5 Â 10 9 /L. Platelet engraftment was defined as a platelet count higher than 20 Â 10 9 /L with no transfusion at least 7 days. Absence of hematopoietic recovery at day 60 and autologous hematopoietic reconstruction were considered as engraftment failure. Acute and chronic GVHD were diagnosed and graded according to Seattle criteria. 12, 13 Poor graft function was diagnosed in patients with two or three cytopenic lines (Hbo10 g/dL, neutrophil count o1.0 Â 10 9 /L, platelet count o30 Â 10 9 /L) for at least 2 consecutive weeks beyond day þ 14 post transplant, with transfusion requirement, associated with hypoplastic-aplastic BM, in the presence of complete donor chimerism and in the absence of severe GVHD and relapse.
14 Patients surviving for more than 14 and 100 days post transplantation were evaluated for acute and chronic GVHD occurrence, respectively. Veno-occlusive disease was diagnosed and staged according to Seattle criteria. 15 The definition of hemorrhagic cystitis was used as follows: painful hematuria with a negative urine culture for bacteria or fungus and without any other explanation such as general bleeding diathesis, urinary tract catheterization for reasons other than hemorrhagic cystitis, urinary calculi or bladder neoplasms. 16 The study was approved by Hacettepe University Ethical Committee according to the 'Declaration of Helsinki'.
Materials
Chemicals. Folin-Ciocalteu's reagent, pyrogallol, trizma TM base and sodium carbonate were obtained from Sigma (Sigma Chemicals, St Louis, MO, USA). Sodium azide, potassium monohydrogen phosphate, potassium dihydrogen phosphate, hydrogen peroxide solution and sodium dihydrogen phosphate were purchased from Merck (Darmstadt, Germany). a-tocopherol and b-carotene were obtained from Sigma.
The N-(1-pyrenyl) maleimide, reduced GSH, 1,1,3,3-tetraethoxypropane and aminoguanidine hydrochloride were purchased from Sigma. Thiobarbituric acid and HPLC-grade acetonitrile, methanol and butanol were purchased from Merck and HPLC-grade acetic acid and 85% phosphoric acid were purchased from Riedel (Seelze, Germany).
The HPLC system was Agilent 1200 Series (Agilent, Waldbronn, Germany). The system consists of a G 1311A pump, a G 1313A autoinjector and a G 1321A fluorescence detector. The 100 Â 4.6 mm column is packed with 3-mm particle size C 18 materials.
Specimen collection. Blood samples were collected on preconditioning day (10 days before HSCT day), day 0 (HSCT day), day þ 7, day þ 14 and day þ 28 (7, 14 and 28 days after the HSCT day) in heparinized polypropylene tubes. After immediate centrifugation (2500 r.p.m., 10 min, þ 4 1C), plasma was separated. After removing the buffy coat, RBCs were washed in an equal volume of phosphate buffer (100 mM, pH: 7.4) twice. Following the second washing supernatants were removed and packed RBCs were obtained. All samples were stored at À80 1C until analysis.
Methods
Reduced and oxidized GSH levels. GSH and oxidized glutathione (GSSG) determinations were performed using the HPLC method developed by Winters et al.
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Malondialdehyde levels. Malondialdehyde (MDA) levels, an index of lipid peroxidation, were determined by HPLC methods according to Draper et al. 18 and Templar et al. Evaluation of oxidative and antioxidative parameters S Sabuncuoglu et al with minor modifications. A volume of 250 mL RBC hemolysates (1/5 diluted), plasma samples (2/3 diluted) and MDA standards were incubated with 650 mL TCA (10%), 100 mL butylated hydroxyl toluene (500 p.p.m.) in a boiling water bath for 30 min. After cooling in ice-cold water, they were centrifuged at 3000 r.p.m. for 10 min. Supernatants (500 mL) were incubated with an equal volume of thiobarbituric acid in NaOH (1%) for 30 min. After cooling in ice-cold water, the thiobarbituric acid-MDA complex was extracted into 1 mL of n-butanol phase and the fluorescence intensity of the organic phase was detected at the Ex: 532 nm, Em: 553 nm. The elution buffer was prepared from 65% 50 mM KH 2 PO 4 -KOH, pH 7.0, and 35% methanol.
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Glutathione-S-transferase. The measurement of glutathione-S-transferase enzyme activity was performed according to Habig et al.
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Catalase. Erythrocyte catalase (CAT) activity was measured as described by Aebi.
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Superoxide dismutase. Erythrocyte superoxide dismutase (SOD) activity was measured spectrophotometrically as described by Marklund et al.
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Glutathione peroxidase. The measurement of glutathione peroxidase enzyme activity was performed according to Pleban et al. a-tocopherol and b-carotene levels. Plasma a-tocopherol and b-carotene determinations were performed using the HPLC method according to Steghens et al.
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Protein. The protein content of the samples was determined according to the method of Lowry modified by Lowry et al.
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Statistical analysis. Statistical analyses were performed using the SPSS computer program (IBM, Chicago, IL, USA). Differences in parameters before and after chemotherapy were analyzed by analysis of variance and LSD tests. Po0.05 was considered statistically significant. All results are presented as mean ± s.d.
Results
MDA levels
Plasma and erythrocyte MDA levels were significantly increased in day 0, day 7, day 14 and day 28 samples compared with pre-conditioning day (before chemotherapy) (Figure 1 ).
GSH and GSSG levels
On day 0, day 7, day 14 and day 28 significant reductions of erythrocyte GSH levels were observed compared with preconditioning day. Besides, erythrocyte GSSG levels were increased in day 0 but decreased in day 7 and 14. On day 28 GSSG levels increased again ( Figure 2 ). 
Antioxidant enzyme activities
Erythrocyte CAT activity was significantly decreased in day 0, day 7 and day 14 compared with pre-conditioning day. However, this decrease reversed back on day 28. Significant decreases in days 0, 7 and on days 0, 7, 14 were also observed in erythrocyte SOD and glutathione-S-transferase activities, respectively, compared with pre-conditioning day. Although not statistically significant, erythrocyte glutathione peroxidase activity tended to decrease after chemotherapy ( Figure 3 ).
a-tocopherol and b-carotene levels Although plasma b-carotene levels did not change, a-tocopherol levels were increased significantly after highdose chemotherapy (Figure 4) .
Outcome of patients
Engraftment was achieved in 18 patients. One case was excluded from engraftment analysis due to early death (day þ 6). The mean neutrophil engraftment day was day 15.9 ± 2.9. Acute and chronic GVHD were seen in six and one out of 18 patients who had engrafted, respectively. Veno-occlusive disease developed in five patients, four of whom had mild, and one had severe veno-occlusive disease. Hemorrhagic cystitis (grade 2-3) was observed in two patients and mucositis (grade 3-4) in eight patients. Five patients died and causes of death were sepsis in one patient, pulmonary hypertension in one patient, engraftment failure and sepsis in one patient, poor graft function and pulmonary infection in one patient, pulmonary infection and acute respiratory distress syndrome in one patient. 
Discussion
It has been reported that chemotherapy results in increased oxidative stress and depletion of tissue antioxidants. Much debate has focused on whether antioxidants interfere with the efficacy of cancer chemotherapy. However, several studies showed that antioxidants do not interfere with and can actually enhance the killing capabilities of cancer therapeutic modalities and decrease their side effects. [3] [4] [5] [6] [7] Conditioning therapy preceding HSCT usually consists of high-dose chemotherapy. A limited number of studies has shown that high-dose chemotherapy decreased antioxidant enzyme and vitamin levels in patients undergoing HSCT. Plasma MDA levels were found to be increased after high-dose therapy in these patients (1, 3, 7) . In erythrocytes, SOD, glutathione peroxidase and CAT activities were reported to be decreased or increased (1, 3, 4, 7, 9) . Furthermore, plasma antioxidants such as atocopherol, b-carotene and vitamin C were shown to be depleted (3, (8) (9) (10) .
In this study, the blood samples were collected before the preparative regimen (10 days before transplantation, preconditioning day), before transplantation (day 0) and after transplantation (day 7, 14 and 28) from pediatric HSCT patients and oxidative/antioxidative parameters were determined.
The results of the present study showed that MDA and GSSG levels were increased while CAT, SOD and glutathione-S-transferase activities and GSH levels are decreased after high-dose chemotherapy in HSCT patients. There was no correlation between some clinical (blood urea nitrogen, alanine aminotransferase, aspartate aminotransferase, creatinine, uric acid) and oxidative stress parameters.
Our results are in accordance with the limited number of previous studies indicating that the conditioning regimen results in oxidative stress and depletion of antioxidants in HSCT patients. [3] [4] [5] On average, engraftment takes 15-20 days for new BM to engraft or to begin making new stem cells. Interestingly, MDA levels were found to be increased whereas enzyme activities (such as SOD and CAT) decreased at the engraftment period. On the other hand, statistical analyses revealed significant negative correlations between MDA levels and both CAT and SOD activities (MDA-CAT, r ¼ À0.47, MDA-SOD, r ¼ À0.51). A negative correlation was also found between MDA and GSH levels (r ¼ À0.34). These findings may be interpreted as indirect evidence of the contribution of oxidative stress to antioxidant enzyme depletion. Contrary to previous results, we found that plasma b-carotene levels did not change whereas a-tocopherol levels were increased significantly after the conditioning regimen. Vitamin E supplementation may be the cause of the increase in a-tocopherol concentration in HSCT patients. Similarly, multivitamin supplementation may have contributed to maintenance of b-carotene levels closer to baseline values. Furthermore, differences between the conditioning regimens may also have had a role. Radiotherapy was not administered to any of the patients in this group. It seems that vitamin supplementation was sufficient to maintain plasma a-tocopherol and b-carotene vitamin levels after conditioning therapy in this group of patients. However, our data indicate that conditioning therapy is associated with increased oxidative stress and depletion of antioxidant enzymes.
Although the diagnosis and conditioning therapy was heterogenous in this pediatric HSCT patient population, significant changes in oxidant and antioxidant mechanisms were observed after initiation of conditioning regimen. Further studies with a larger number of patients may allow comparison of myeloablative vs non-myeloablative regimens, and manipulation of supportive regimens accordingly.
As far as we know, this is the first study that determines oxidative stress and antioxidant parameters in pediatric HSCT patients, who may be more susceptible to the negative effects of high-dose chemotherapy. The present study confirmed that conditioning therapy results in increased oxidative stress and depletion of antioxidants in pediatric HSCT patients.
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